Ultrasonic scanning by means of a hand-held transducer was the initial nondestructive approach. However, this method is very time consuming and prone to ooerator fatigue and error. The time required to completely inspect all of the material was extensive enough to impede the rotary forge process. As a consequence, only a percentage of the ingots and preforms were tested.
In order to inspect all of the material while maintaining the production schedules, the design of an automatic ultrasonic NOT system was established.
BACKGROUND
Two matters of grave concern that were encountered in the engineering phases of the oroject were the sonic transfer capabilities due to the surface condition of the ingots and preforms and the internal grain structure of the ingots. The type of material, the couplant and surface conditions are all of the parameters that have to be taken into consideration to determine the search frequency. This frequency will also establish the smallest size defect that can be detected. The frequency established for this project was 2.25 MHz in the longitudinal mode.
The following ultrasonic sizes were established and incorporated into the data presented to contractors for the evaluation test.
The ultrasonic instrument and the associated equipment shall be capable of detecting a #5 size defect at the center of a 20" diameter ESR melted ingot and a #4 defect size at the center of a 15" diameter and a 13" diameter preform.
The following vendors were contracted to oerform the All three contractors declared that they are capable of detecting the determined flaw and/or reflector dimensions.
A 1095 form for the procurement of the Ultrasonic system was sent to the Purchasing and Contracting Division at the Watervliet Arsenal on 13 March 1980.
Automation Industries, Sperry Division, was awarded the contract to design the scanning System and to provide the ultrasonic instrumentation and search transducer as called for in the specification.
Approach and Objective
As previously stated, the surface condition of the ingots and preforms and the internal structure of the ESR ingots presented engineering difficulties that were specific to this type of nondestructive automatic ultrasonic scanning application
The surfaces of the ESR ingots are slightly convoluted;
this is a condition that is inherent to the ESR process. The surface of the preforms contain many facets and indentures; these are caused by the hammer blows encountered during the rotary forge process. The unevenness of the surfaces results in a non-uniform transfer of the ultrasonic energy to and from the search transducer and the workoiece.
The surface variations, couplant medium for the sonic energy transfer, internal structure of the material and the scanning method all have to be considered in order to design a workable system.
It was decided that the couplant medium shall be water.
Oil was eliminated because it created smut problems in the heating furnaces that are part of the rotary forge heat treating production line.
In order to compensate for the surface conditions, a method of overlap scanning was designed. The scanning system is comprised of a circumferential scan with longitudinal indexing. The numerical readout from the starting point along the longitudinal axis will be adjustable to within one-half inch along the axis. Each circumferential scan will have an overlaoping coverage of the oreceding scan. With this form of indexing, every part or section of the ingot or preform will be investigated. This method of overlapping will establish the capability to institute programming defect repeatabi1ity.
With respect to the internal structure, the ESR ingots presented, the greatest problem. These ingots are in the as-cast state and, therefore, contain very large columnar and equiax grains. Each grain in the agglomeration has a radically different acoustic impedance and consequently produce severe #11579504-RF04 (15" dia. preform, solid, 11' -4" long approx.) #11579504-RF05 (15" dia. preform, hollow, 11' -4" long approx.) The output of this type of scanning will be applied to a C-scan recorder. This method of scanning also has the capability of operating in an automatic mode or by means of using a jog control.
A Technical Data Package containing descriptions, directions and drawings of the complete system is located at the Benet Weapons Laboratory, Watervliet Arsenal, Watervliet, New
York 12189.
CONCLUSION
The increased sensitivity of ultrasonics and the use of focused ultrasonic beams has rendered this apolication of nondestructive testing from the prototype status to a functional unit in the rotary forge production line.
The developed technique will also be capable of being utilized by the preform producers, thereby enabling them to relate production practice to quality and soundness. This should result in an overall increase in the quality of incoming material. 
TO THE ULTRASONIC EQUIPMENT

